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BLAST PATTERNS IN COMPLEX TUNNEL MODELS 

ABSTRACT 

The Ballistic Research Laboratories detonation-driven shock tube was utilized 

to expose four complex tunnel models to high pressure blast waves. The models 

were exposed to shock pressures of 200, 500, and 800 psi. The data obtained from 

the shock tube tests were reduced, plotted, and extrapolated to give expected 

values for the models when exposed to a 1500 psi shock wave from a 10 megaton 

nuclear weapon. 
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INTRODUCTION 

In March 1963, the Ballistic Research Laboratories' Shock Tube Facility ini- 

tiated a program to test a series of model underground tunnel configurations. The 

work was performed at the request of and funded by Bureau of Yards & Docks, U. S. 

Navy In response to letter lh£>/JMC: JS of 6 March 1963. It was requested that the 

models be subjected to an input shock wave the equivalent of a 1500 psi wave from 

a 10 megaton nuclear weapon and that pressure-time records be made at specific po- 

sitions within the models. The physical characteristics of the shock tube precluded 

the possibility of conducting the tests at the desired pressure. Therefore, modi- 

fications were made on the shock tube to permit the tests to be conducted with in- 

put pressures up to 800 psi and to obtain data that would permit extrapolation to 

the desired level. 

The four models, Fig. 1 - h,  were attached to the moving test section, Fig. 

5, as shown in the photograph in Fig. 6. The models thus oriented were exposed 

face-on to shock waves up to l6o psi. Previous experiments at BRL have shown that 

a 160 psi shock will transmit a 200 psi shock wave into a tunnel oriented face-on 

to the blast wave and surrounded by a baffle that can be considered infinite and 

similarly that an 800 psi shock wave will transmit a 200 psi shock wave into a 

tunnel oriented side-on to the blast wave. Consequently this exposure, face-on to 

160 psi shock wave, was considered equivalent to an 300 psi shock wave side-on to 

the models. 

The indicated gage positions were instrumented with piezo electric transducers 

and recorded with oscillographic equipment. Fig. 7 is a tracing of a typical record 

thus obtained. 

PROCEDURE 

The models were exposed separately to each of three input shock pressures, 

equivalent to 200, 500, and 800 psi side-on to the entrances. In all cases pressure- 

time records were taken for all gage positions simultaneously. A zero-time mark 

was included on all recording channels to provide time correlation and arrival times, 

with respect to shock arrival at the tunnel entrance for each gage position. Each 

gage was dynamically calibrated before and after each shot and the pre- and post- 

shot calibrations were averaged (if variations occurred) to obtain the pressure 

values from the records. A 1,000 cycle/second timing mark was provided on the film 

to yield time for the recordings. 



RESULTS 

The reduction of the pressure-time records involved the determination of a 

number of various values from the data. The pressure initially recorded by the 

t*age, that is the iirst step, was measured along with the arrival time for that 

pressure. The pressure was calculated by means of the simple proportion between 

the known calibration pressure and the height of the calibration step on the film 

and the height of the actual shock wave step. The arrival time was measured from 

the records using the zero-time mark. The zero-time or fiducial mark was a pulse 

simultaneously imposed on all data channels. By measuring the time separation, 

using the 1,000 cycle/second timing marks, between each •:.ero-time mark and the 

arrival of the shock for all data channels and subtracting from each data channel 

in the model, the time separation of the input channe"', the time required for the 

transmitted shock wave to  *avel fron the entrance to the gage position was ob- 

tained. Assuming then that zero-time is the arrival of the input shock wave at 

ehe model entrance, the arrival time for all gage positions is known. 

The pressure profiles, such as those in Fig. 7, were then approximated as 

closely as possible by a series of straight lines. The pressure and time was 

then determined for each end of each of the straight line approximations. All 

actual recorded times were then scaled up to real times with respect to the full- 

scale prototypes, that is, multiplied by the scale factor of 32. This yielded 

then a series of pressure-time values of real pressure and times that would be 

obtained in the full scale case. 

Because the shock tube did not exactly reproduce its pressure from shot to 

shot, the data obtained for the various models were not all for the same input 

pressures. Consequently, it was decided to normalize the data with respect to 

the input pressures to allow them to be plotted at the same pressures and to pro- 

vide correlation between the predictions and the recorded data. This normalized 

data along with the full scale times were then plotted. F.-'. 8 - 22 are plots of 

this pressure-time data along with a plot of the wave shape from a 10 megaton 

nuclear weapon. 

Tne 10 megaton wave shape was obtained by scaling the 1 kiloton data from 

the IBM Problem "M". Since the shock tube produced a wave shape equivalent to a 

much larger yield than the 10 megaton weapon, the applied pressure remained higher 

for a longer time than would be encountered in the actual case. Once the shock 

wave has been transmitted through the nodel, the pressure would then begin to rise 

as tne model filled, much as a cramber, until an equilibrium was reached between 

10 
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the outside pressure and the pressure within the model. This fii.iing would be 

expected in either the shock tube test or the actual field case, out the extent 

of filling would be determined by the waveshape of the input chock wave. It is 

reasonable to assume therefore, that the ultimate or maximum pressure obtained 

for each gage position would be less for a 10 megaton wave shape than for tue 

wave shape from a much larger yield. 

When the pressure-time record (measured) from a particular gage position 

crossed the pressure-time profile of the 10 megaton weapon (scaled from IEM 

Problem "M"), it was assumed that an equilibrium condition existed between tnat 

gage position and the input wave. At this point the pressure-tide profile at the 

gage position would continue as observed in the shock tube test (overshoot the 

10 megaton wave shape) until a rarefaction wave moving at the local speed of sound 

could travel from the entrance to the gage position and relieve the pressure to 

that of the outside. The time for the rarefaction wave to travel to the gage 

position was calculated for each of the records and the observed pressure-time 

profile was continued, past the equilibrium point, for that time. At this time 

of relief, the pressure at the gage position would begin to decay at some rate 

greater than that of the outside wave ^aape so that the pressure in the model 

would approach that of the outside. Lack of information as to the rate of this 

decay however, prohibits an approximation of the wave shape past the time of the 

relief. 

A number of values of pressure and time are available from these plots (Fig 

8 - 22). For the three input shock pressures the following values are available, 

for each gage position of each model, (l) the initial pressure step at the gage 

position, (2) tne time of arrival of this initial step, (3) the pressure at the 

time of the relief due to the rarefaction, and (k)  the time at which the relief 

will occur. 

Since the data were taken at 200, 500, and 800 psi as opposed t" . e point 

of interest, 1500 psi, the data had to be extrapolated to the higner pressure. 

Tnis was accomplished by plotling the input pressure versus the initial pressure, 

the arrival time, etc. for each position in each model and extrapolating these 

curves to 1500 psi (see Fig. 25 - 58). 

The data plotted on Fig. 25 - 58 and that read from the extrapolation of 

these curves are listed in Table 1. Tne +:able gives for eacr. position of eac;. 

model, the values of initial pressure, arrival time at the gage position, the 

11 



pressure at the time of relief, and the time of the relief for input pressures 

of 200, 500, A)0, and 1500 psi.  In addition if a pressure exceeding that observed 

at the time of rarefaction occurred on the pressure-time records, that pressure 

and the time of its occurrence is listed. 

Since the models were designed to be oriented side-on to the blast wave, 

rather than the face-on configuration used, one point should be mentioned. Fig. 

23 indicates a high pressure at position 2 of Model 1. This is probably due to 

some extent to the simultaneous arrival and interaction of the three shock waves, 

transmitted -from the three entrances. Since in the true case the shock arrival 

at the entrances would be different due to the varying ground ranges of the en- 

trances, the transmitted shocks would not arrive at the intersection simultane- 

ously . This discrepancy, between simultaneous and non-simultaneous arrival at 

the intersection would effect the shock interactions and hence, should be consid- 

ered when using information taken from Model 1. 
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FIG. 2 MODEL it 2 
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FIG. 3 MODEL A3 
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FIG. 8-PRESSURE-TIME PROFILES   AT   GAGE  POSITIONS - tfODEL # I 
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FIG. 9-PRESSURE-TIME   PROFILES   AT  GAGE   POSITIONS-MODEL *H 
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FIG. 10-PRESSURE-TIME  PROFILES   AT GAGE   POSITIONS-MODEL  # 
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FIG. I!-PRESSURE-TIME  PROFILE   AT GAGE  POSITIONS - MODEL #2 
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FIG. 12-PRESSURE-TIME   PROFILES  AT GAGE   POSITIONS - MODEL   #2 
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FIG. 13- PRESSURE-TIME  PROFILES   AT GAGE   POSITIONS-MODEL # 2 
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FIG. 14-PRESSURE-TIME   PROFILES   AT  GAGE   POSITIONS-MODEL #3 
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FIG. 15-PRESSURE-TIME   PROFILES   AT GAGE  POSITIONS - MODEL # 3 
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FIG. 16-PRESSURE-TIME  PROFILES   AT GAGE POSITIONS-MODEL #3 
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FIG. 17- PRESSURE-TIME   PROFILES   AT GAGE  POSITIONS-MODEL #4 
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FIG. 18-PRESSURE-TIME PROFILES   AT GAGE   POSITIONS-MODEL #4 
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FIG. 19-PRESSURE-TIME   PROFILES  AT GAGE   POSITIONS-MODEL #4 
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FIG. 20-PRESSURE-TIME  PROFILES   AT GAGE POSITIONS - MODEL #4 
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FIG. 21-PRESSURE-TIME   PROFILES  AT GAGE POSITIONS-MODEL #4 
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FIG. 22-PRESSURE-TIME  PROFILES   AT GAGE POSITIONS - MODEL # 4 
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FIG. 23- INCIDENT    SHOCK   OVERPRESSURE   vs.   INITIAL   TRANSMITTED 
SHOCK   OVERPRESSURE   AT  GAGE   POSITIONS-  MODEL # I 

INCIDENT    SHOCK  OVERPRESSURE,  PSI 
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FIG. 24-INCIDENT   SHOCK   OVERPRESSURE   vs.  INITIAL   TRANSMITTED 
SHOCK   OVERPRESSURE  AT GAGE   POSITIONS-MODEL # 2 

NCIDENT  SHOCK OVERPRESSURE,   PSI 



FIG. 25-INCIDENT   SHOCK   OVERPRESSURE   vs.  INITIAL   TRANSMITTED 
SHOCK  OVERPRESSURE    AT GAGE  POSITIONS - MODEL #3 

1.5 2 2.5       3 

INCIDENT   SHOCK   OVERPRESSURE,  PSI 
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FIG. 26-INCIDENT   SHOCK  OVERPRESSURE  vs. INITIAL   TRANSMITTED 
SHOCK   OVERPRESSURE   AT GAGE   POSITIONS.    MODEL #4 

INCIDENT SHOCK   OVERPRESSURE, PSI 

38 



F16. 27- INCIDENT   SHOCK   OVERPRESSURE  vs. TIME   OF ARRIVAL   OF 
TRANSMITTED  SHOCK  WAVE  AT GAGE  POSITIONS.   MODEL # I 
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FIG. 28-INCIDENT   SHOCK   OVERPRESSURE   vs.  TIME  OF ARRIVAL    OF 
TRANSMITTED   SHOCK WAVE   AT GAGE  POSITIONS-MODEL # 2 

NCIDCNT SHOCK OVERPRESSURE, PSI 
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FIG. 29-INCIDENT   SHOCK   OVERPRESSURE vs. TIME OF ARRIVAL   OF 
TRANSMITTED   SHOCK  WAVE  AT GAGE  POSITIONS. 

MODEL   #3 
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F16. 30-INCIDENT   SHOCK   OVERPRESSURE   vs. TIME   OF ARRIVAL 
OF TRANSMITTED   SHOCK WAVE   AT GAGE POSITIONS. 

MODEL   #4 
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FIG. 31-INCIDENT   SHOCK  OVERPRESSURE  vs. TIME  OF  ARRIVAL 
OF RAREFACTION   WAVE AT GAGE   POSITIONS-MODEL # 
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FIG. 32- INCiDBNT   SHnCK   OVERPRESSURE   vs.   TIME   OF  ARRIVAL 
OF RAREFACnON   WAVE   AT GAGE  POSITIONS-MODEL #2 
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FIG. 33-INCIDENT   SHOCK   OVERPRESSURE   vs.  TIME  OF ARRIVAL 
OF RAREFACTION   WAVE  AT  GAGE  POSITIONS-MODEL **3 
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FIG. 34-INCIDENT   SHOCK  OVERPRESSURE vs.   TIME OF ARRIVAL 
OF   RAREFACTION   WAVE AT GAGE   POSITIONS.  MODEL #4 
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FIG. 35 - INCIDENT   SHOCK  OVERPRESSURE  vs. TRANSMITTED  OVER- 
PRESSURE AT  TIME  OF RAREFACTION    AT GAGE POSITIONS. 

MODEL #1 
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FIG. 36-INCIDENT   SHOCK   OVERPRESSURE   vs. TRANSMITTED   OVER- 
PRESSURE AT  TIME   OF RAREFACTION   AT   GAGE POSITIONS. 

MODEL #2 
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FIG. 37-INCIDENT   SHOCK   OVERPRESSURE   vs. TRANSMITTED OVER- 
PRESSURE   AT TIME  OF RAREFACTION  AT  GAGE   POSITIONS. 
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FIG. 38- INCIDENT   SHOCK   OVERPRESSURE vs. TRANSMITTED  OVERPRESSURE 
AT TIME   OF RAREFACTION   AT  GAGE   POSITIONS.    MODEL   #4 

NCIDENT SHOCK   OVERPRESSURE, PSi 
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TABLE 1  -  PRLoJURE AMD Tu*; VALUE; 

<T& 

v. 

?.:)]£!> por» K PA lA PR u 
- 200 17 ,02b ±22 . 10'; 

500 24 .021 350 .07; 

•'00 S - .Oio 515 .or/ 

1500 ;50 .00-; 700 .O-'.'7 

A 200 16 .07° 62 

500 20 .071 iCi'j .205 

8oo 2P .059 0 z -.- 
'- J J .IX 

1500 72 .ou-, 5cO .1^5 

4 200 16 .083 64 .2-.-1 

500 23 .075 170 .201+ 

800 34 .063 256 .176 

1500 72 .043 38O .145 

5 200 12 .177 77 .468 

500 19 .159 170 .407 

800 21 .133 245 .357 

1500 28 .101 365 • 315 

6 200 27 .181 79 .404 

500 32 .161 178 .408 

800 57 .137 244 .358 

1500 950 .101 365 .315 

'M 
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TABLE 1 - PRESSURE AND TIME VALUES (CONT'D) 

40ÜEL POS ps PA *A 
PR *S PM *M 

2 2 200 28 .022 82 .157 81+ .085 

500 66 .017 235 .070 — — 

•900 91 .015 1+50 .051+ — — 

1500 132 .012 1200 .037 — — 

3 200 23 .032 6k .250 57 .171 

500 3^ .026 l60 .13* 160 .101 

300 50 .021 315 .103 317 .086 

1500 110 .016 1100 .071+ —   

it 200 29 .029 76 .185 78 .121+ 

500 68 .021+ 205 .102 —   

800 ill .021 1+15 .081 —   

1500 188 .016 1200 .062 —   

5 200 1+9 .116 101 .323 101 .318 

500 91 .097 218 .252 217 .238 

800 92 .082 38O .221 —   

1500 150 .068 1100 .185 —   

3 2 200 65 .016 61 .211+ 67 .033 

500 127 .013 153 .108 157 .050 

800 221; .007 297 .067 322 .01+5 

1500 69O .006 900 .030 1320 .056 

3 200 12 .01*0 61+ .296 — — 

500 27 .028 173 .171 — — 

800 69 .023 333 .125 — — 

1500 1*00 .020 925 .076 — — 

u POO 1*5 .06U 65 .272 — — 

500 166 .036 165 .l6l — — 

8oo 279 .029 303 .106 — 

1500 515 .023 900 .052 --- »_- 
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TABU-: 1 - VREHSUHK AND TIME VALUED (CONT'D) 

MODEL 

P0 - Incident Shock Overpressure, PSI 
o 

P - Initial Transmitted Shock Overpressure, PSI 

t - Time, of Arrival of Transmitted Shock Wave, SEC. 

P - Transmitted Overpressure at Time of Rarefaction, PSI 
P. 

t_, - Time of Arrival of Rarefaction Wave, SEC. 
K 

P - Maximum Transmitted Overpressure, PSI 

ty. - Time of Occurrence of Maximum Transmitted Overpressure, SEC. 

OS P., PA *A PR ** 
PM            Hi 

"> 200 31 .01+2 111 .259 — 

500 55 .036 180 .150 — 

800 80 .030 325 .120 — 

1500 lll+ .022 1850 .086   

3 200 22 .078 ll+O .221+   

500 IJk .G69 330 .170 — 

800 207 .OJy 525 .162   

1500 21+2 .027 1830 .102   

1+ 200 76 .102 11+8 .287   

500 159 .089 538 .217 

800 393 .075 935 .185   

1500 3900 .05*+ 1830 .11+0   

5 200 135 .121» 11+7 .271+   

500 926 .109 51+5 .267 _-- 

800 l*+95 .O89 895 .229   

1500 1320 .06l 1830 .160   

6 200 11 .081 181+ .270 -„_ 

500 3h .052 165 .11+2   

800 153 .OUl 270 ,156   

1500 130 .027 1830 .112   
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